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THE SPOT WELDING OF DISSIMILAR ALUMINUM ALLOYS

IN THE O.O0LO—INCH THICKNESS

By W. F. Hess, R. A. Wyant, and F. J. Winsor

SUMMARY

This report is part of a progrem on aircraft spot-welding r'e"sqaz_:ch

being conducted at the Rensselasr Polytecimic Institute.:

~~The present in-—

vestigation covers the spot welding of the following dissimilgr alloy

combina.tions in the O. Ol&(}-vinch thickness:

Alclad 24S-T

S Alclad 2hks-T

e © Alolad 2Ls-T
- Alcled. 24s-T
T S * Alclad 24s-T

Alclad 24S-T

R-301-T *

Alclad 758-T

to

‘o

to
to
to

to.

0
to

bare 2hs-T

52.5-1/2H ,

3s1i/2E ST
f1s-T = ¢ S
R-301-T '
Alclad T75S-T
Alclad T75S-T
bare 758-—T

The results of this work indicate that in many instances the chemi-—
cal trestment of &dissimilar alloys prior to spot welding is & less &iffi-
cult problem than the treatment of some similar alloy combinations. If
one of the alloys of a dissimiler cambination exhibits good treating
characteristics in a particular chemical solution although the other
alloy does not, the sheet—to-sheet resistance of the dissimilar ccmbina—
tion is usually sufficlently low and. consistent to enable satisfactory

welde to be made.

The results alsc indicate that all the preceding ccmbinations can

" be epot-welded with little difficulty.

In moet cases the optimum, weld

-force for the dissimilar alloys is in the range from 800 to 1200 pounds,

depending upon the average surface hardness of the ccmbination,
forge force should be 2.5 timss the weld force.

] The
A current wave form

_specified by an average rate of rise of the order of 3000 amperses per .
‘millisecond and & forge timing of 38 milliseconds were found highly satis—

factory for all combinations.
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The maximum average.shear strength of sdund welds and the current
renge over which sound welds may bs produced are usually intermediste
between the corresponding values for each of the component alloys welded
individually, assuming that good welding _cp_ndi_tipnsrare used in each case.

INTRODUCTION

The desire of aircraft fabricators to introduce Jolnte involving
the use 'of dlssimilar alloys in welded aircraft structures resulted 1n
.the present investigation. The espot welding of dissimilar ccombinations
hed not previously been investigated sufficiently to give proper assur—
ance as to what combinations might be satisfactorily welded and as to tho
necessary change in welding c¢onditions which sghould be introduced. In
reference 1 a table is presented showing qualitatlve ratings for the welde
ability of several alloy combinations. This weldability chart was pre—
pared on the basis of thermel and electrical conductivities and melting
points of the various alloys. An investigation completed at the Lockheed
Aircraft Corporation in 1942 (reference 2) on the spot welding of non~
Alclad 245-T extrusions to Alclad 2’+S'—JI'. sheet included a study of the
corrosion reeistance of such a Joint and revealed that this particular
combination was adaptable to spot welding.

= A sound approach to the problem of spot~welding dissimilar alloys
. involves a quantitative knowledge of the effect of physical character—
- istics of the material and spot-welding variables. For example, a quanti-—
tative study is required to determine the effect of surface hardness on
electrode force, current weve form, and electrode tip contour. The"
surface~treating characteristics of the different alloys involved in the
comblnation, if not already known, muet be investigated. The inveatige—
tlon described in this report undertook to determine information of the
type mentloned. .

On the recommendations of several aircraft companies this investige~
tion covered the spot welding of the following dissimilar aluminum-alloy

' combinations in the 0.QLO-inch gage.

H
PRI

. Alclad 245-T .to -bare 24sS-T .
.~ .. -Alclad 24S~T . t0 R=301-T T,
Alclad 24S-T +to Alclad 75S-E. . . .- .
Alclad 24s-T +to~ 35-1/2H '
Alclad 24s-T +to 525-1/2H
Alclad 24S-T to 618-T
R-301-T t0 . Alclad 758-T
Alclad 755~T to bare 755-T7

The chemical—surface~treatment characteristice of these alloys were

-t
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investigated by means of curves of resistence against ‘time of treatment,
and thege curves were presented in the precedlng report in this series,
dealing with the spot welding of 10 different aluminum alloys. (See
reference 3.) '

3

The effects of spot—welding varisbles on the quallty of welds .in
dissimilar elloy combinations were studied by means of strength-current
characteristice, in a manner similar to that used for previous investiga-
tions of the spot welding of Alclad 24T alloy. (See reference k.)

Only the spot-welding characteristices and static shear strength of
the dissimilar alloy ccmbinabtions were studied in this Investigation.
Properties such as corrosion resistance, fatigus strength, and lmpact
strengths, should be studied before wldespread use of such Joints is
contemplated.

This investigation, cor_ld.uc’oed: at the Rensselaeer Polytechnic Insti—
tute,was sponsored by and conductéd with the financial esesistance of the
National Advisory Commlttee for Aeronautice.

" EQUIPMENT

A1l the welding in this research investigation was performsd with a
Taylor-Winfield Hi-Wave condenser—discharge welder, type HWRD-36~3CCIT,
This machine was equipped with a variable elsctrode~force system (refer—
ence 5) having a maximum electrode—force capacity of 5000 pounds. The
throat dimensions of the machine were 36 by 1ls .aches. Oscillographic
records of the electrode force and primary current were mede throughout
the investigation. The shear specimens were tested on the 5000-pound
range of. a 60,000-pound-capacity Baldwin—Southwark hydraulic testing
machine. T : ' LA NS

SPECIMENS

The shear test specimens used throughout this investigation were
stenderd single—spot shear speciméns 3/4 inch by 4 inches welded with a
3/b—inch overlap. Stiips of Pfive welds each were made for metallographic
examination. All specimens were 0.0LO inch thick.

DISCUSSION OF RESULTS

The weldebility of each dissimilar salloy combination in this investi-
gation was studied by means of strength—current characteristics,.. These are
curves in which the averags of the shear strengths of three spot-weld
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specimens, made at several ‘values -of welding current, were plotted as &
function.of the welding current. On each of these curves the occurrence
of defects in the welds was indicated by suitable symbols at the points.
Such curves enable a quantitative study of the effecte of the following
spot—welding variables: .

1. Surface condition of the material
2. Electrode-tip force aﬁd_forge~force timing '
3. Welding urrent magnltude’
k. Weldingrcurreﬁﬁ wave forg |
5. Electrode tip contonr |

A study of the surface-treatment characteristics of these alloys
was underteken as the first step in this invegtigation. A detailed dis—
cussion of these characteristice appears in reference 3. It suffices
here to summarize that information as follows:

1. Alclad 24S-T may be treated to an extremely low, consistent sur—
face resistance by hydrofluosilicic acid (No. 1b4 solution),
containing either 1.5 or 3 percent by volume of HySiFs. This
material may also be wire+brushed to produce & low, consistent
surface resistance. .

2. 528~1/28 alloy ordinerily shows even better treatment cha¥acter-
istics in the hydrofluosilicic acid than.does Alclad 24S-T.

3. The alloys, R-301-T, Alclad T755-T, bare 755-T, and 35-1/2H,may
be treated sstisfactorily in a hydrofluosilicic—acid solution
containing 1.5 percent by volume of acid, dbut the surface
realstances obtained may not be quite so low or s¢ congistent
as with Alclad 24S-T.

k., At the present time when alloys bare 24S-T, 618-T, and I4S-T are
: to be welded to themselves, they cannot be treated satisfac—
torily. in hydroflucosilicic acid. Bare ghS»T mey be treated
satisfactorily in 2 percent HNOg &t 180° F (No. 16 solution),
aﬁd this solution also works reasonably well for 61S-T and
las-T,

In the surface treatment of dissimiler alloy combinations it has
been obgerved that if the surface resistances of one of the alloys are
low and consistent, while those of the.other elloy are high and incon—
sistent, theresiatances of the two alloys in combination will be
reasonably consisteat and of intermediate nagnitude as shown in table I.
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This is & very definite edvantags, ‘particulerly when-ons of the alloys
offers trouble with regard .to surface treatment. As a result, when dis-
gimilar alloys are o be welded, ell chemical surface: treatment may be
performed at room temperature,in hydrofluosilicic—acid solution, .5
percent by volume; provided oné of the alloys in each combination has
good treating chara.cteristics in this solution. .

A pummary of chemica.l—-surfa.ce—trea.ting proced_ure for dissimilar
alloy comblnations is as follows: . L

A. Degrease in trichlorcethylene or alkaline degreassr; treat.
8 to 10 minutes in. hydrofluosnicic ecid (HoSiKs), 1.5 .
percent by vdlume, ‘T')' F; cold water-rinse; eir-dry.
Good for any dissimilar alloy combination involving
Alcled 2ks-T, 528-1/2H, Alcled 758-T, bare 753-&, . .
R-301-T, or 38—-1/21{ as one component. . e e R

o

-r

'B. Degrease same ag’ in (A), treat 8 to 10 minites 1n nitric S
acid (HNOs ), 2 percent by volume, 180° F; cold water—
rirse; alr-dry. Good for' welding bare th—T, 6lS—T,
and 'LhS——T to each other.

For the highastrength d.issimi‘l.ar a.lloy combinations which were im—- .
vestigated, it was considered sufficient to limit the work on any one
alloy combination to finding welding copditions which would permit the
production of a 60C-pcund weld approximately in the center of the sound—
weld range of the strength—current characteristic.- With the other dis—
gimiler alloy combinations involving lower--strength aluminvm alloys, the L
acceptability of any particular curve was .judged cn the bagis of the :
best resulis obtainable. in welding the low—sfrength alloy individ,ually
It o turned out that the welding conditions which resnltsed in these _
curves in most cases were very pearly optimym with regard to the maxi- .
mm-size sound weld which could be produced in each case with the partic—
ular tip contour used. Any improvement to be effected, therefore, by .
changing these welding conditions is expected to be slight and of doubt—
ful further pra.ctical value.. :

PP —

The surface ha.rdness " " the rele:bionship o*’ sati:sfactory weld force
to surface hardness, and satisfactory weld force for spot welding of the
a.luminum glloys’ are given in ta.bles .LI, III, and. IV, respectively.

L e

~. -

A‘Lclad 2hS-T to Bare 214...«-T

The firet dsissimilar a.lloy com‘bingtion consid.ered wa.s Alcla.d. 2)+S-T
welded to bare 24S-T, ince each component’ of this combination involves ~
the same base alloy, the metallographic changes which take place during
the welding process would not be expected to differ greatly from those
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which occur in welding either material individually. That this is true
is shown by ccmparing the' photomicrographs of the dissimilar alloy com—
bination in figure 1 with those of figures 6 and, 9. in reference 3 for
the similar alloy combinastions. In this dissimiler alloy combination

the emount of pure~aluminum cladding to be assimilated. into the weld
metal 1s only half that in welding two sheets of Alclad 24S-T. The pene—
tration of fusion into the bare 2u4S-T sheet is slightly higher than into
:ﬁe Qlc%&d sheet because of the higher melting point of the cladding on
he latter.

Figure 2 shows the optimum strength—current characteristic for this
dissimilar salloy combination. In comparing this curve with the optimum
curves for Alclad 24S-T and bare 24S-T, figures 5 and 8, respectively,
in reference 3, several facte may be noted. The optimum weld force in
this case was the same as for welding bare 24S-T and was considerably
higher than the 800-pound optimum value for Alclad 243-T. A forge force
of 2000 pounds wes shown te be adequate for the dissimilar combipmtion
and also for two sheets of 0.040~inch Alclad 24s-T, However, a Fforge—to—
wald force ratio of st lsast 2: 1, and preferably 2.,5:1, is highly de~—
sirable since the elimination of cracks is made more certain.

From flgure 2 it may be seen that, with these welding conditions,
weld quality at the upper end of the strength—current. characteristic for
the dissimilar alloy combilnation was impaired by the occurrence of ex—
pulsion.  Increasing the weld force above 1200 pounds resulted in ex—
cessive sheet meparation at thé higher sound-weld points; so this weld
force was cohsidered a8 being optimnm.fér the particdlar tip contour used.

Figure 2 also shows that sound welda having an average shear strength
of 400 to 800 pounds were produced over a current range of nearly 7000
amperss. Thie is a range in condsenser voltage of approximately 400, using
a condenser capsacitance of 720 microfarads, and & transformer-turns ratio
of 300:1. These welding conditions, therefore, enebled the production of
gound welds of adsduate shear strength over & reasonably wide range in .
welding current.

Figures 3 and % show strength—current characterietice obtained in
welding Alclad 24S-T to bare 24S-T with weld forces of 800 pounds and
1000 pounds, respectively. By comparison with figure 2, the improvement
in weld quality produced by increasing the weld force from 800 to 1200
pounds is readily apparent. In the former case, defects began to appear
in welds having an average shear strength of 700 pounds, while in the
latter case welds approaching 900 pounds in strength were not dsfective.
With the lower weld force the current range over which sound welds of
more then 400 pounds shear strength were produced was approximately -5000
emperes, compared with the 7000-ampere range obtained with the highex
weld force.
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Alclad 24s-T to 528-1/2H

Tae spot wolding of Alcled 245-T to 528—1/2]1 involves Joining alloys
which d4iffer greatly in chemical compositicon, 525 being an aluvminum- -
magnesium~chromium alloy, while Alclad 24S-T is an aluminum-copper—
magnesium-manganese alloy with a pure-aluminum cledding. This difference .
might be expected to have conslidsrable effect upon the metallographic
structure of the spot welds. That such was the case 1s evident from the
photomicrographe in figure 5. .The grain structure of the weld, cansist-
ing of an equiaxed zone, caused by the slower cooling of the metal st the
center of the weld, and an outer colummsr zone, resulting from the chill-
ing of the molten metal, is characteristic of g spot weld in Alclad
2hsF or in 520—1/2H. The effect of heat on the base metal around the
veld appeers to be considerably different for the two alloys. The rsgion
around the columnar zone of. the weld in the Alclad 24S-T alloy is charac—
terized by a zone of grain-boundary fusion and overaged alloy. From the
ends of the weld, long stripgers of 1ow—-melting constituents extend out
a.long the . gra.in bound.a:cies of the sheatl,

The region a.round. the weld in the 528 alloy is charac'berlzed by an
agglomeration of constituents in a naryow zone. This is difficult to ses
in the digsimilar glloy combipation because of the preferentlal attack of
the etch upon the Alclad 24S-T alloy, but it is clearly shown in.the .
photomlcrographs of 528——1/23 alloy spot welds in figure 31, reference 3,.
" There sppears to be only slight incipient fugion at the grain bounderies
of the heat—affected metal and no overaging. At the ends of the weld,
however, there are stringers, probably alsc of low—melting. conetituents,
extending out :into the 525 sheet, as in the Alclad 2iS-T material. ... |
These stringers in the 525 slloy, however, are not continuous from the
weld out as in the 24S alloy, but appear to break off at the zone of _
segregation. . .

The curve ghcwn in figure 6 is a good strength—current characteristic
obtained with this alloy combination. ' The maximum shear strength of sound
wolds was :epproximately 675 pounds, and the current range over which welds
averaging in strength from 400 to 675 pounds were produced was about 8500
amperes. This represents a range in condenser voltage of slightly more
than 400 volts, with a condenseyr capacitance of 720 microfarads and a '
transformer-~turns ratio of 300:1. The current range over which sound,
crack-free welds were produced in thie case, therefore, is reasonably
wide. Attempts to raise the weld force in order to eliminate the expul—
sion at the last point of the curve of.figure 6 were unsucces_sful,, éihce_
this introduced excessive: sheet geparation. . .

In compa.ring the strength—curren'l: characteristic of figure 6 with
the curves for:the individuasl alloys shown in figures 8 and 29 of refer—
ence 3 it is evident that the maximum streng'bh of sound welds" in the dis~
similar alloy combination, 675 pounds, is intermediate betwesn.the maji—
imum 600 pounds for 528-1/2H, figure 29, and the 850 pounds for Alclad
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2L4s-T, figure 8. The average slope of the characteristic for the dissimi-—
lar alloy combination over the 40O— to 675-pound strength range was ap-
proximately 32.4 pounds per kiloampere. In the 528—1/2H alloy curve,
figure 29, the average slope over the 300- to 600-pound strength range,
was approximately 50 pounds per kilosmpere. For the Alclad 24S~-T curve,
figure. 8, over the 400— to 850-pound strength range, the slope was about
33.3 pounds per kiloampere., These figures would indicete that the shear
strengths of spot welds in the dissimilsr alloy combination, were com--
giderebly less affected by changes in the welding current than in the .
528—l/éH alloy alone. This analysls shows that the spoit-welding charac-
teristics of the combination- approach those of the )2S~1/2H alloy with
regard to the strength obtainable, and those of the Alclad 248-T alloy
with pegard to- sensitivity: to variationa 1n welding current.

Alclad 24sS-T-to 61S-T

The gpot welding of Alclad 24S~T to 61S-T involved the Jjoining of
two precipitation--hardensble alloys differing greatly in chemical compo—
gltion,. ;

Photomicrographe -showing the metallographic structure of spot welds
in this dissimilar alloy combination are presented in figure 7. The
weld metal structure is normal, and the structure of the Alclad 24s-T
sheet adjacent to the weld is also characteristic of spot welde in this
material. The 61S alloy has a very narvow zone of grain-boundary fusion
surrounding the columnar weld zone. At the ends of the welds, this in— =
cipient melting 1s observed to exterid out into the sheet for a consider— -
able distance. Unlike the grain-boundasry fusion in the 528 alloy, how— -
gver, these long stringers in the 61S alloy are continucus with the
narrow incipient fused zone around the weld, broadening out appreclably
at some distance from the weld. In the former alloy the stringers ap—
pear not to start from the columnar weld zone but from the outer edge of:
the region in which agglomeration of the constituents occurs and proceed -
from this region out into the sheet, Agglomeration of undissolved con-— .
stituents in a zone surrounding the region of incipient fusion is not
apparent in the 61S alloy.

A good strength~current characteristic for this combination is T
shown in figure 8.. The conditions used in making these welds were simi-—. .-
lar to those used in welding Alcled 24S-T. In the dissimilaer alloy come:
bination, sound welds having strengths from 300 to 650 Jounds were pro-
duced over & current range of about TOOO amperes: The ‘corresponding cur—
rent range for the 61S-T alloy, using a weld force of 1200 pounds, was
about 10,000 amperee, as shown in figure 33 of reference 3, -An increase e '
in the ‘maximum-gize sound weld produced in the dissimilar alloy combina—- -
tion might result from raising the weld force, but excessive sheet sepa—
ration' would probably result. R : oo v



'NACA TN No. 1322:: _ ¢’

. Alelad aus-{n 0 35-1/23

. The spot welding oi" thé 3S alminum—-ma.nganese, a".Lloy to Alcla.a.
24s-T offered no particular difficulty., The. microstrictures of spot
welds in-this combinetion are ‘somewhat. peculiar bu’B not surprising. 'I‘he
higher melting temperature rengs For the 3S_slloy is the reason For the "
smaller extent of fusion’ in ‘this alloy than in- the Alclad 2’48-’.[‘, as* :
shown in figure 9. Aleo;’ in the 38 sheet immediately surrounding the L.
dendritic columnar Zome ‘of ‘the weld there is no heat-affected reglon. ~
This is pro‘bably due to 'bhe very na.rrow melting ra.nge of this aﬂ.oy. T

__\_.,--

'-—-r

‘I‘he spot—welding cha.racteristics for this dissimilar a.iloy combina.—-ﬁ_-'
tion are -shown in- figure 10, With the welding conditions indicated, it
weas :possi'ble to produce ‘gound” welds varying in shear strength from 200 o .
475 pourids Gver a current range of sbout 8500 .amperes. ' The meximum - -
strength of 475 pounds for a sound weld in the. disgimiler alloy combina—
tion was about 50 pounds higher than that in the 35-1/2H glloy alone, as
shown in figure 23 of reference 3. However, the slope of the curve is
considerably greater for the Alclad 2Ls1 to- 3S-1/2H wolde than for the
35-1/2H welds alone. This may have been due partly to the higher value
of electrode force used in the .latter case.  The higher weld force for .
the 35-1/2H alloy ‘was Fequired -to -prevent expulsion due. to higher sur—.
face resistence. The use of & weld force of 1000 pounds instead of 800
pounds for the dissimilar alloy combination would be of doubtful advantage,
however, since excessive sheet separation would occur at the higher .,
sound weld points on the curve. o

“Alcled 245-T to R~301~T L

Both- thé a,lloys, Alc:le,d. 2LS-T and R-301-T which are high-strength
aluminum alloys, are of the age-hardening type. Alclad 2LS-T is normally
aged at room temperaturs, while the propertiss of the R-301-~T alloy are
derived from elevated—temperature aging. Fach of the alloys-is clad to
increese the resistance ‘0 corrosion. Alclad 24S-T has a pure——aluminum
cladding, while R~301~T has an aluminum~alloy cladding,

The me:ballogra.phic structure of a typical spot veld in this dis-
similar elloy cembination is shown by the photogrephs in figure Il. The
R-301 alloy is at the top 1n each picture. In this particular ccmbination
there .appear to be no outstanding differences in the effect of the heat '’
on the zone, iymedistely surrcunding the weld nugget. PBach-alloy exhibits
a8 zone of grain—boundary fusion and overaging, although the’ extbnt of 'bI_J,e_
heat-effected zone may be slightly greater in the Alcled 2L5-T alloy. -
Aggin the 10w-—melting 'stringers extending from the end.B of the weld are
visible in each alloy. ) . )

The best strength—-current characteribtic ob'ba.ined for the Alcla,d.
245 — R~301-T combination 1s pressnted in figure 12. Sound welds
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heving an average shear strength of 400 %o T30 pounds may be produced
over a renge in peak secondary current’ of about’ 12,000 amperes. This
current range is considerably greater than that for most of the dissimi-
lar alloy combinations previously discussed. In comparing this curve .
with those of figures 8 and 20 of reference 3 for the individual alloys, -
it may be seen that the maximum-size sound weld in the dissimilar combi-
nation, that 1, 750-pound shear strength, is intermediste between the
valués of 650 and 850 pounds for the R~301-T'and Alclad 24S-T alloys,
respectively. The slope.of -the curve for the dissimilar 'allcys, 29,2 ...
pounds per kiloampere, :ig slightly less than that for the Alclad 2hS—T
alloy '(33.3 1b per kilcempere). .and less “than for “the R-301-T (35.7 1b
per kilocampere).  Thus the effect of variations in welding current.on
the shear s’crength of the welds: is .less in the digsimila.r combinetion .
than fn the individual alloys, - This is ;possibly due to the slightly
higher weld force, 1000 pounds, for the dissimilar combination, 1netead
of the 800-pound weld. force, for the inaividuai a.lloys. '

Alclad 2hs~T to Alclad 75s—m o L.

The spot weld.ing of Al,clad. Ehs-—'l’ to Alclad. 755~T is agai;n the com—
bining of two high-strength, ‘age—hardening aluminum alloys. . As with the
R-301 alloy, the properties of' 756 a.lloy are d.erived from elevatad.—
temperdture aging. . ) .

The microstructure of gpot welda made in thie disaimila.r alloy com- .
bination is shown in figure 13. The Alcled 24S-T alloy is at the top in
sach picture. The 15X photograph reveals that the penetration of fuslon
in each alloy is approximately the same. Some differences are evident
in the two alloys in the effect of the heat on the zone surrounding the
weld in the photograph at 100X. The zone of Incipient fusion .in the
Alclad 755-T alloy is consliderably nerrcwer than that in the Alclad
2hks-T." In the Alclad 758-T alloy the zone of overesging appears as & - .
narrow, dense black band surrounding the weld nugget, instead of a broad
diffuse zone as 1n the Alclad 24s5-T alloy. In each alloy stringers of -
extruded low-melting constituents. are observed to extend from the ende of
the welds far out inko, the base sheet. It is also observed that the aver-
age grain slze of the Alclad 758—-‘1‘ is considera.bly larger than that of -
the Alclad 245-T elloy. .

The best strength—current characteristic o'bta.ined. for this combins--
tioh is presented in figure 1k, Theé naximum-gize sound wald is roughly . .
the same as Ffor the Alclad 2WS~T. t6¢ 8-301-T combination, proba'b'LY 750 to: -
800 pounds. In comparing this curve with thet for the, Alclsd 758-T - ..:
elloy in figure .17 of reference 3 it may be seen that the maximum-size
sound weld for the dissimilar.alloy cofibination is slightly greater than
for the Alclad 755-T welded individually. The slope of the curve for the
dissimilar combination, 33.3 pounds per kiloampere, is identical with
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that for the Alclad 24S-T alioy and slightiy leés than that of 37.5 °
novnds per kiloampere for the Alclad 758-T alloy. The weld force for

the dissimilar-alloy combinetion was" the same &g that wsed for ‘the indi-
vidual alloys, that is, 800 pounds. " Increasing the weld force td 1008° -
pounds for -ths combination might result in further slight improvemez‘rb in..
"the guality of. the welds at the upper end of the curvé. chever, the T
sheet separation would be expected to increase apprecia‘bly and possibly
sven a.pproach the maximmn acceptable value for the very le.rge welds. '

) B T e Mo m TR

- o ' R--301-T to Alclad. 75u-T } o _:;

Py

- o~

. Photomicrogra‘ohs of a typica.l spot ‘Wald in ’che dlssmilar a.l,loys
R-301-T tc Alclad 755-T, which are two of "the newer high-strength &lumi-
num glloye in the fully heat—-treated condition, are presgnted in figure -
15. : The 3——301 alloy is at the top 'in esch picture * The photograph at .
15%: shcwa g uniform nugget, well centered: in’ the ghests. The picture at:
100X. shows some xrather remarkable differerces in the structure of the _
heat zone surrounding the weld in each alloy.. The ¢ladding of the Alclad’
© T58+T sheet extends into the weld slight 1y beyond the outer ‘extremity of
the dendritic columner zcns, The heat-effected zone of this alloy is - -
similar to that described in the previous’ discussion of the &clad Y
2Ls-T o Alclad 755-T combination. Thus there is a Larrow zbmé of 7 ..
grain-boundary fusion surrounding the weld nusget, within” wvhich is'a -
narrow, dense black band of overaged alloy. ' The heat-affected zone of -
the R—301-T alloy a.pnears to be quite similar to that ordinarlily obgerved -
in the 24S alloy. This is characterized by a broad, diffuse region of
ingiplent grain-boundary fueion and overaging surroundlng the weld
nugget, “this region. becoming more pronounced at the ends of the weld.
The cladding of the. R-301~T sheet protrudes to the edge of the colwmmar
weld zome. The average grain size of the R—-30l sheet is smaller tha.n :
‘that of the Alclad 755-—’13 sheet. - : -

_—

o -

. A reasonably good. strength—current charar‘terlstic for this combi—
nation is shown in figure 16, Unfortunately, for thie curve, welds- ‘were "
not made at a sufficiently high curyent to 1ndica.te the point at which =
cracks began to appear in the welde. Inesmuch as the welding conditions
were practicelly identical with those used Tor the individual alloys, it
may be presumed that the maximum-size sound weld which mey be prodiiced in"
the dissfmilsr combination would heve a shear strength in the neighbdr— -
hoocd of 70O to 750 pounds, corrésponding to the strength obtainsble in .
each alloy welded individually. The approximate slope of the curve in
the etrength range from 400-to 750 pounds is 33 3 pounds per kiioampere s
a2s.in the case of Alcla.d 248——'1'
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Alclad 75SiT to Bare 755-T- . °

: In certain instances it is necessgery to fabricate aircraft struc—
tures from high-strength aluminum alloys, “only one of which.ls to"be
-exposed to corrosive elements. In suth cases 1t'le desirable to Join
clad and bare alloy in order to obtain the slightly higher strength of the
bare alloy. The Alclad T758-T to bare T5S-T 'and the Alclad 2hks--T . to bare
24S-T combinations are examples of such epplications. S

Photomicrographs of a typical weld in this alloy combination are
presented in figure 17. The photogreph at 15X reveals that the penetra—
tion of the fusion is greater in the bare alloy (at the top of the pic-
ture),which'1s to be expected. Since this is essentlally a weld id two
—gimllar alloys, the absence of selective attick.by the etch enables a
clearer metallographic examination of this combination than is possible
with many of the dissimilar alloy cambinations, one alloy of whigh is
attacked by the:etch in preference to the other. As would be expectséd,
the heat-affected zone. is similay'in both the bare and the Alclad alloy
and is typical of.the structure seen in thé dissimiler alloy welds dis-
‘cussed previously. One.very noticesble phendmenon in the.photomicrograph
at 100X; however, is the dense segregation of dark-—etched constituents,
at the ends of the welds. This segregation has also DPeen observed in
the R-301-T alloy. It probably also occurs in the. verious- dlssimiler
alloy combinations involving Alcled 7358-T or R—-301-T, although, because
of the depth of the attack of the etch upon the columnar zone of the
weld in such ceses, it cannot be obaserved in the picture.

The optimum strength—current characteristic for the Alclad 758-T
to bare T5S~T combination is shown in figure 18. The maximum—size sound
weld obtaineble in this combination with the welding conditione used had
an average shear strength approaching 750 pounds. This was considerably
better than the maximwn results obtained with bare 7558-T alone (fig. 1k,
reference 3) and about the same as those obtained with Alclad T55-T (fig.
17, referente 3). In this perticular curve expulsion of the welds in the
diseimilar alloy combination caused the strength to drcp to 700 pounds .,
No significance is abtached to the fact that such a drop in strength due
"to expulsion did occur on this curve, yet did not occur on some of the
other curves. The ‘slope of this curve over the sound-weld ranges above
400 pounds shear strength is approximately 38.9 pounds per kiloampere as
compared with a slope of 26.9 pounds per kiloampere for the Alclad alloy
and 31.6 pounds per kiloampere for the bare alloy.

The current renge over which sound welds mey be produced, having an
average sheer strength of %00 to 750 pounds, is approximately 9000 am—
pereg for the dissimilar alloy ocombination. This is to be compared with
a 10,000—ampere current range for the Alclad slloy and a T0OO—ampere
range for the bare alloy, with the particuler welding conditions used for
each. (See reference 3.)
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. CONCTUSIONS -

A8 a result of thie investigation of the spot welding of dissimilar
aluminum elloys in the 0.040-inch thickness, the following conclusions
have been draswn:

1. Chemical treatment of dissimilar alloys to provide surfaces of
uniform resistance for spot welding is not & seriocus problem, provided
one of the alloys may be treated to prcduce a low, consistent surface
resistance. The sheet—to-sheet resistance megsurements of the dis—-
similar alloy combination are almost invariably intermedlate betwsen
corresponding mesasurements on the individual alloys treated under the
seme conditions. Also the consistency of the measurements in the dis—
similer combinstion is usually consideraebly better than the consistency
of the measurements on the alloy which is’ less amenable to the treatment.

2. 411 the dissimilar alloy combinations estudied were satisfactorily
welded with b~inch—radius -dome tips. As previously mentioned, this work
was limited to the 0.0LO—inch gage.: In welding e bare alloy to a clad
alloy of the same composition the penetration of the fusion in the bare
alloy is greater. Likewlise in welding of two sluminum alloys having
widely different melting temperature ranges, the penetration of the
fueion is greater in the .alloy with the lower melting range.

3. The 'optimum weld force. for spot-welding dissimilar alloys ie
usua.lly intermediate between the optimum values for the indivigduel alloys,
For 0.040-inch material the optimum weld force is in the range from 800 to
1200 pounds, depending upon the average surface hardness of the comblna-—
tion. (The optimum weld force for a particular Job may be defined as the
meaximum weld force which may be used without the occurrence of excessive
gheet seperation prior to expulsion, as the welding current l1s increased. )
A forge force of two to three times the weld force has been found sultable
for most dissimilar alloy combinations. When possible, a forge—to—weld.
Porce ratio of at least 2.5: 1 is deslz'able

k., A wave form having an average rate of curreﬁt rise of approxi-—-
mately 3000 amperes per mlllisecond is satisfactory for spot—welding dig~
similar a.luminum alloys in the O. 0h0-1nch thickness. -

. 5.A forge ‘time (time from the initiation of current flow until the
start of forging) of 38 milliseconds is setlsfactory for spot—welding dis—
gimiler aluminum alloys in the 0.040—inch thickness, when the wave form
previously recommended is used, and the forging force reaches its maxi-
nmum value in approximstely 12 mllliseconds.
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6. The meximum shear strength of sound welds, and the current
range over which sound welds may -be -produced in each -dissinilar alloy
. combination are usually intermedlste betweéen the corresponding values
for the component alloys welled individually, assuming that optimum
welding conditions are used in esach cese.

Welding. Taboratory,
_Rensselaer Polytechnio Insti’bute s
TI‘O;Y Nc YQ, March 5’ 19)4'5
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TABLE I.—

percent, 72° F, 10-min

B e e

SURFACE TREATMENT OF DISSIMILAR ATLUMINUM ALIOYS, 0.040-INCH THICENESS
Average Averags Average -
. surface surface surface
Alloy A reaistance Alloy B resistance replistance
of A of B of A& B,
Chemicel solution (microbms) (microhms) | together
Hydrofluosilicic acid, Alclad 245-T y Bare 245-T 17 10
H-SiFs, 3 percent by vol— 5 ' 119 12
ume, 80° F, Alloys A& B, L 17 10
8 min : L 1
) 8 1
Alclad 24s-T 5 508-1/28 19 13
> T 6
3 28 )
Aloy A, HgSiFB, 3 percent Alclad 24S-T 2 615 13 .9
9 34 15 .
Alloy B, ENOg, 3 percent,
180° F, 8 min
.A]_'Loys A& B, Hgsma, 1.5 | Alcled 245-T 6 35-1/20 Ly R
percent, T5° F, 8 min | 4 36 ‘6
: L 33 b
4
Alloys A% B, DoBife, 3 K Alclad 248-T b Alelad 755-T 21 i
"percent, T5° F, 8 min ! 5 .78 7
. | 7 29 n
Alloys A & B, Ix81Fg, 1.5 Alclsd 2kS-T | & R—-301-T 8" 5
' percent, 75° F, 8 din | L 3k 8
. | i i KN 5
t I
Alloys A & B, HoS8iFg, 1.5 Alelad 798-% | 13 Bare T55-T 5 38
percent, 750 ¥, 8 min . T2 35
211 A 2 B, H-8iFs. 1.5 R—201-T 14 Alelad 758-T 28 25 ;
2L10y8 A & B, Hpolif, Lo B (K4 !
36 35 17 -

gatT "oN bI:Ir VoYM

¢t

-
.
”~
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TABLE II.— SURFACE HARDNESS OF ALUMINUM ALLOYS

Average surface

Alloy : hardness, VEN
Bere 2usS-T 1L45.0
Alcled 2hs-T S 43,3
Bare 758 193.0
Alclad 75S~T €6.5
R-301~T : 112.0
Alclad ahswm—él b37.6
615-T ‘ 115.0
35-1/28 51.4
528-1/2H 90.7
14s-T @ : . . 159.0
es-1/24 43.0

8Extruded shape.
boladding thickness = 18 percent of sheet thickness on this
material instead of 10 percent as normally used for Alclad 24S-T.

TABLE ITI.- RELATIONSHTP OF SATISFACTORY WELD FORCE TO SURFACE
HARDNESS OF ALUMINUM ALLOYS, 0,O0LO-INCH THICKNESS

3,

Average of the surface-hardnesses Batisfactory weld force
of the alloys, VPN (1)

4o to 65 800

66 to 90 i 1000

91 to 115 1200

116 to 150 - 1400

Above 150 S 1600

NATIONAL ADVISORY
COMMITTEE FOR AEROKAUTICS



TABLE IV.— SATTISFACTORY WELD FORCE FOR SPOT-WELDING ALUMINUM ALIOYS,

0,040--INCH THICENESS
(b-4n.,~radine-dcme~ tip

electrodes)

[ In most cases the optimm weld foroe will be equivalent to these values or
else within 200 1b of these values.)

Alloy Alclad; Pore | 528-1/2H | 38-1/2H | 6187 | B~301~T | Alclad | Bare | 245-P-81 | 14s-T | 25-1/2H
2hs-T | 2hs-1 : TES-T | 7581

Alelad 24s-T! 800 —— - —— PO P U ——— e —— e -
Bare 24S-T 1200 M0 e e i e e e e s R -———fee =
528-1/2H 1000 | 1400 1200 o = - = — Fm e ———d———— ——————=
| 3s-1/eH 800 | 1200 1000 800 4w — e e ] ——— -
618-T 1000 | 1400 1200 1000 | 1200 4o - o e RPN R U S
R~301T 1000 | 1hOG 1200 1000 | 1200 1200 o = = - e o - —_———— - -
Alcled 75541 | 800 | 1200 1000 800 | 1000 1000 1000 j= == o= - —— - —— e =
Bare T758-T | 1400 1600 1400 100 | 1600 1600 1500 [ 1600 |- == e e e e =
26m81 | 800 [1000 | 80 | 8o |1000 | 1000 | 80 [1200 | 800 [~—n--lo-
1hs-1 1200 1:600 1400 1200 | 1h0O 1400 120¢ | 1600 1200 | 1600 |~ =~ ——
25-1/2H 80 | 1200 1000 800 | 1000 1000 800 | 1k00 800 | 1200 800

RATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS

22€T *ON NI VOVH

LT
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-~ - Alclad 2348-T

"Bare 248-T

i

* Alclad 248-T

! Bare 248-T

Flgure 1.- Photomicrographs of a spot weld in Alclad 24S-T
to bare 2iS-T combination, 0.040 inch.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA TN No. 1322

1000

800

800

700

600

500

Weld strength, 1b

400

300

200

1007

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTIC
I ]

S
1

0

29

Figure 2.~ Strength-cufrent characterietic of Alclad 24S-T to bare
248-T. Thickness of both alloys, 0.040 inch; electrode
dome-tip radius, 4 inches; electrode force, 1200 pounde (weld),

39 41

Peak current, kiloamperes

43

2000 pounds (forge); forge timing, 38 milliseconds; average rate
of curreat rise, 3145 amperes per millisecond.
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Figure 3.- Strength-current characteristic of Alclad 24S-T to

bare 248~T. Thickness of both alloys, 0.040 inch;
electrode dome-tip radius, 4 inches; electrode force, 800
pounds (weld), 2000 pounds (forge): forge timing, 38 milli-
seconds} average rate of current rise, 8650 amperesa per
millisecond.



NACA TN No. 1322 Fig. 4

1000

800

800 ’//

700 /

600 4

500

Weld strength, 1b

400

300 7

200 ///
oo~

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
1 1 |

25 a7 29 31 33 35 37 39
Peak current, kiloamperes

o

Figure 4.- Strength-current characteristic of Alclad 234S-T to bare

245-T. Thickness of both alloys, 0.040 inchj; electrode
dome-tip radius, 4 incnes; electrode force, 1000 pounds (weld),
2000 pounds (forge): forge timing, 38 milliseconds; average rate.
of current rise, 2845 amperes per millisecond. .
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. 538-1/2H

538-1/3H

. Alclad 24S-T

Figure 5.- Photomicro
to 528-1/3

graphs of a spot weld in Alclad 248-T
H combination, 0.040 inch.
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Figure 6.- 8trength-current characteristic of Alclad 24S-T to

528-172H. Thickness of both alloys, 0.040 inch;
electrode dome-tip radius, 4 inches; electrode force, 800
pounde (weld), 2000 pounds (forge); forge timing, 38 milli-
seconds; average rate of current rise, 2925 amperes per
millisecond. :
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618-T

. Alolad 248-T

61s-T

Alclad 248-T

Figure 7.- Photomicrographs of a spot weld in Alclad 348-T
to 618-T combination, 0.040 inch.
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Figure 8.~ Strength-current characteristic of Alclad 248-T to
61S-T. Thickness of both alloys, 0.040 inch; electrode
dome-tip radius, 4 inches; electrode force, 800 pounds (weld),
2000 pounds (forge); forge timing, 38 milliseconds) average rate
of current rise, 2930 amperes per millisecond. . -
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Alclad 24s-T

38-1/2H

Alclad 248-T

2s-1/2H

Figure 9.- Photomicrographs of a spot weld in Alclad 248-T
to 38-1/2H combination, 0.040 inch.
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Figure 10.- Strength-current characteristic of Alclad 248-T to

38~1/2H. Thickness of both alloys, 0.040 inch}
electrode dome-tip radius, 4 inches; electrode force, 800
pounds (weld), 2000 pounds (forge); forge timing, 38 milli-
seconds; average rate of current rise, 3355 amperes per
millisecond.
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"~ R-301-T
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"7 Alclad 248-T

15X

- R=301-T

Alclad 234S-T

Figure 1l.- Photomicrographs of a spot weld in Alclad 248-T
to R-301-T combination, 0.040 inch.
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Figure 12.- Strength-current characteristic of Alclad 24S-T to R-301~T. Thicknesa of

both alloys, 0.040 inch; electrode dome-tip radiue, 4 inches; electrode
force, 1000 pounds (weld), 2000 pounds (forge); forge timing, 38 milliseconds;
average rate of current rise, 3040 amperes per millisecond.
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=~ Alclad 848-T

Alclsd 758-T

.1 Alclad 24S-T

-~} Alclad 758-T

Figure 13.- Photomicrographs of a spot weld in Alclad 24S-T
to Alclad 758-T combination, 0.040 inch.
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Figure 1l4.- Strength-current characteristic of Alclad 24S-T to clad

XB758-T. Thickness of both alloys, G.040 inch; electrode
dome~tip radius, 4 inches; electrode force, 800 pounds (weld), 2000
pounds ?forge); forge timing, 38 milliseconds; average rate of
current rise, 2800 amperes per millisecond.
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R-301-T

15X

Alclad 758-T

100X

Figure 15.- Photomicorographs of & spot weld in R-301-T to
Alclad 758-T combination, 0.040 inch.
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Figure 16.- Strength-current characteristic of R-301-T to

clad XB758-T. Thickness of both alloys, 0.040 inch;

electrode dome-tip radius, 4 inches; electrode force, 800
pounds (weld), 2000 pounds (forge): forge timing, 33.4 milli-
seconds; average rate of current rise, 2630 amperes per
millisecond.
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Figure 17.- Photomicrographs of a 8pot weld in Alclad 758-T

to bare 758-T combination, 0.040 inch.
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Figure 18.- Strength-current characteristic of clad XB758-T %o

bare XB788-T. Thickness of both alloys, 0.040 inchg
electrode dome-tip radius, 4 inches; electrode force, 1200
pounds (weld), 3000 pounds (forge); forge timing, 38 milli-
seconds; average rate of current rise, 3120 amperes per
millisecond.
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